INTRODUCTION
Soybean is one of the small sized food legumes that contains high amount of nutritional compounds such as isoflavones, amino acids, vitamins, soyasaponin (Kim et al., 2013) . As a food source, soybean can be consumed as it is or processed into other products such as tofu, soy sauce, soy paste and soybean sprouts. The variety of soybased food is produced to enhance the flavour and digestibility for increasing customer acceptance (Liu, 2008) .
Soybean sprout is one of the soy-based foods that produced by cultivating soybean seedlings for certain period to get certain length. It has been reported that most of the nutritional compounds such as amino acids, myo-inositol metabolites, isoflavone glycosides, soyasaponins, phytosterol (Gu et al., 2017) , tocopherol (Vasantharuba et al., 2007) and dietary fibre (Tiansawang et al., 2016) increase during cultivation process of soybean sprouts, while some compounds such as phytic acid, trypsin inhibitors, compounds with lipoxygenase activity and oligosaccharides decrease (Labaneiah and Luh, 1981; Mostafa et al., 1987; Bau et al., 1997) . Previously, it has been reported that the soy oligosaccharides, which is classified as raffinose family oligosaccharides (RFOs), causes flatulence and is recognized as one of the undesirable substances for human diet (Rackis, 1981) . However, the recent research reported that RFOs could provide good impact to human health especially in the absorption process of isoflavones into the body (Tamura et al., 2003) .
Soybean sprout contains higher amount of isoflavones compared to soybean seed as raw material. Twelve distinct forms of isoflavone are found in soybean sprout; aglycones (daidzein, genistein and glycitein), -glycosides (daidzin, genistin and glycitin), malonyl glycosides (6 -Omalonyldaidzin, 6 -O-malonylgenistin and 6 -Omalonylglycitin) and acetylglycosides (6 -O-acetyldaidzin, 6 -O-acetylgenistin and 6 -O-acetylglycitin). Among them, malonyl glycosides are considered as main isoflavone form in soybean sprouts, especially 6 -Omalonylgenistin is the major compound (Quinhone Júnior and Ida, 2015) . Isoflavones glycosides have a poor absorbance in human body (Izumi et al., 2000; Setchell et al., 2002) and poor bioactivity compared to their aglycones due to the presence of sugar moiety by -glycosidic linkage. In human digestion process, the beneficial isoflavone aglycones can be produced by hydrolysing -glycosidic bond of isoflavone glycosides including malonyl glycosides and acetyl glycosides. Moreover, the production of equol, which has much higher bioactivity than isoflavone glycoside is also related to the hydrolysis of daidzin (Setchell et al., 2002; Zubik and Meydani, 2003) . Enteric bacteria in human intestine play main role on the hydrolysing process of -glycosidic bond by producing -glycosidase (Ki Suk et al., 2002) . RFOs are the staple food for the growth of human enteric bacteria population (Saito et al., 1992) . The abundance of enteric bacteria in human intestine will enhance the -glycosidase activity to hydrolyse the isoflavones glycosides for producing more active isoflavones compounds. Therefore, producing soybean The effect of temperature on changes in raffinose family oligosaccharides (RFOs) and isoflavones contents during cultivation period of soybean sprouts was investigated to enrich the basic knowledge on the production method of soybean sprout with high functionality. In this experiment, soybean sprouts were cultivated at 10°C, 15°C, 20°C, 25°C, or 30°C, concurrently respiration rate was measured by the flow-through method using gas chromatography. RFOs such as raffinose and stachyose, and isoflavones were then determined using high performance liquid chromatography. The amount of RFOs was found significantly dependent on cultivation temperature and decreased rapidly at higher temperature. The degradation of RFOs increased remarkably at germination preparation phase and then decreased gradually during radicle elongation phase under all temperature conditions. The purpose of RFOs degradation in growing soybean sprouts during each phase was different. Additionally, the highest amount of remained RFOs was observed in soybean sprouts cultivated at 20°C. In the case of isoflavones, there was no significant difference of total isoflavone glycosides observed among cultivation temperatures. Our results suggest that optimization of the cultivation temperature and the hypocotyl length of the sprouts at harvesting time influence the amount of beneficial RFOs and isoflavones in soybean sprouts.
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Environ. Control Biol., 56 (2), 59 65, 2018 65, DOI: 10.2525 Corresponding author : Kohei Nakano, fax: 81 58 293 2996, e-mail : knakano@gifu-u.ac.jp sprout with high amount of RFOs can enhance the utility of soybean isoflavones in human body. The product of RFOs degradation during soybean sprout cultivation such as glucose was suggested to be used as an energy source in cellular respiration for the growing sprout (Reinhold et al., 1981; Peterbauer and Richter, 2001; Gangl and Tenhaken, 2016) . For starting the growth, the degradation of RFOs by -galactosidase cannot be avoided because without RFOs degradation the growth of sprouts supposed to be supressed (Blöchl et al., 2007) . Therefore, to produce soybean sprout with high amount of RFOs, an effort should be made to control the degradation of RFOs during growing process. Growing process is influenced by various environmental factors such as temperature, light and salinity. Particularly, temperature is a major limiting factor (Huang et al., 2003; Tlig et al., 2008) . Moreover, Dahal et al. (1996) mentioned that cellular respiration is sensitive with temperature and has proportional correlation with growing speed. However, there is little information on relationship between the cultivation temperature and the behavior of RFOs degradation and isoflavones accumulation in soybean sprout.
Therefore, in this study, we investigated the relationship between RFOs degradation and cellular respiration of soybean sprout during cultivation under different temperatures for discussing how to produce soybean sprouts with high amount of RFOs. Moreover, isoflavones accumulation in different temperatures was also discussed. The results can guide the manufacturer to produce soybean sprout with high amount of nutritional compounds together with the beneficial RFOs.
MATERIALS AND METHODS

Plant materials
Soybean (Glycine max) seeds 'cv. BS5012' were used for producing soybean sprouts and subsequent measurements in this study.
Cultivation process Ten grams of soybean seeds was sterilized by dipping into hot water of 70°C for 10 s. Then the seeds were transfered to the water of 20°C and left for 8 h in order to induce the germination. After soaking, the seeds were moved to a plastic cup (250 mL) and kept inside the incubators (MIR-154-PJ, Panasonic, Gunma, Japan) set at five different temperatures (10°C, 15°C, 20°C, 25°C, and 30°C) with 70 80% RH. The seeds were watered twice in a day (100 mL at 10 am and 4 pm).
Cultivation process with -galactosidase inhibitor treatment After 18 h of cultivation period at 30°C, the germinated seeds were soaked into 50 M 1-deoxygalactonojiri mycin (DGJ) for 90 min. Then the seeds were put back in to the incubator for continuing the cultivation. All the cultivation treatments were done at three replications for each condition.
Measurement of respiration rate by a flow-through method
During cultivation process, the rate of respiratory carbon dioxide (CO2) production was measured by a flowthrough method using gas chromatography (GC) as described in Fahmy and Nakano (2014) with some modifications. Briefly, approx., 20 g of soaked seeds were kept in two plastic cups and placed into an acrylic chamber (2 L) equipped with gas inlet and outlet tubes. The chambers were closed and connected with air compressor (91-3320 Tokico, Hitachi, Tokyo, Japan) to produce air flow through the inlet tubes. The chambers were placed in incubators (MIR-154-PJ) with 10°C, 15°C, 20°C, 25°C and 30°C . The relative humidity inside the chamber was maintained around 70 80%. Inlet and outlet gas samples were injected automatically into a GC (GC-14A, Shimadzu, Kyoto, Japan) alternately via a 0.5-mL sampling loop attached to a rotating stepping valve. CO2 were separated by a Porapak Q column and measured by a thermal conductivity detector. Helium gas was used as a carrier gas. The gas chromatogram was analysed with an integrator (C-R7A plus, Shimadzu, Kyoto, Japan) based on a CO2 standard curve. The results were expressed as percentage of total gas volume. For giving water to sprouts, the lid of each sample chamber was temporarily opened and then the lid was immediately closed and left for 3 h to equilibrate the gas inside the chamber before continuing for the gas measurement. The rate of CO2 production was calculated from the absolute differences in gas concentration between the inlet and outlet following the equation (Fonseca et al., 2002): where R CO2 is the respiration rate for CO2 production of the product (mg kg 1 h 1 ), y CO2 is a volumetric concentration of CO2 in the chamber (in inlet and out outlet) (%), W is the weight of the sample (kg), F is flow rate (L h 1 ), P is the atmospheric pressure ( 1 atm), R is the universal gas constant ( 0.082 L atm K 1 mol 1 ), T is the absolute temperature (K) and 44 is molecular weight of CO2.
Determination of RFOs and isoflavones
Soybean sprouts for measurements of RFOs and isoflavones were sampled periodically until the hypocotyl of the sprouts reach at 10 cm in length. At the same time, each radicle length of 10 soybean sprouts was measured by a ruler. The sprouts were devided into 2 groups; cotyledon and hypocotyl. Thereafter, the cotyledon and hypocotyl parts were freeze-dried by bench top freeze-dry system (FDU-1200, Tokyorikakikai, Tokyo, Japan) and stored at 50°C for further analysis. Twenty hundred fifty milligrams of lyophilized sample was placed in 15 mL centrifuge tube with 10 mL of 70 % (v/v) ethanol and vortexed for 30 s and then sonicated by ultrasonic wave at 180 Hz (B-220H, Branson, Shelton, Connecticut, USA) for 45 min. The extraction solutions were centrifuged at 2,000 g (LC-200, Tomy Seiko, Tokyo, Japan) at room temperature for 10 min, then supernatant was transferred to a volumetric flask and adjusted to 10 mL by 70 % (v/v) ethanol. The solution was filtered through a 0.2 m membrane (RC15 Minisart, Sartorius, Göttingen, Germany) for further high performance liquid chromatograph (HPLC) analysis. Raffinose and stachyose were analyzed using a HPLC system (Ultimate 3000, Thermo Fisher Scientific, Massachusetts, USA) equipped with a charged aerosol detector. The mobile phase was water (solvent A) and acetonitrile (solvent B). The programmed elution was performed in linear gradient of A againts B from 25: 75 to 70: 30 in 20 min. The flow rate of mobile phase was 0.65 mL min 1 . A 30 L of sample was loaded onto an amino bond column, (5 m, 4.6 250 mm, Asahipak NH2P-50 4E, Shodex, Tokyo, Japan), through an auto-sampler. Column temperature was maintained at 35°C. Raffinose and stachyose were identified and quantified by comparing to the standard curves of them. The results were expressed on a dry weight basis (mg g 1 DW). Isoflavones were analyzed using a HPLC system equipped with ultra violet-visible detector. The mobile phase was water containing 0.5% acetic acid (solvent A) and acetonitrile (solvent B). The programmed elution was performed of B against A from 15: 85 to 35: 65 in 40 min. The flow rate of mobile phase was 1 mL min 1 . A 20 L sample was injected for each injection. The reverse-phase chromatographic column, (3 m, 4.6 250 mm, Cadenza CD-C18, Imtakt, Kyoto, Japan) was used for isoflavones separation. Column temperature was maintained at 35°C. Chromatogram of isoflavone was recorded at 260 nm. The isoflavones were identified and quantified on the basis of retention time and UV absorption spectrum of the standard of daidzin, glycitin, genistin, 6 -O-malonyldaidzin and 6 -O-malonylgenistin. The results of isoflavones were expressed on a dry weight basis ( g g 1 DW).
Statistical analysis
All values are reported as means of three replicates of each determination. Statistical significance was determined by subjecting the mean values to analysis of variance and the means were compared by Tukey's test at 5% level of significance using R 3.3.2 (R Foundation for Statistical Computing).
RESULTS AND DISCUSSION
Effect of temperature on radicle elongation and respiration of soybean sprouts Sprouts cultivation process involves three growth phases; imbibition phase, germination preparation phase (GPP) and radicle elongation phase (REP) where only GPP and REP can be recognized visually (Bewley and Black, 1978) . It is suggested that the metabolic activity at GPP is started for preparing the embryo when the moisture content of the seed exceeds 50% (Norman, 1978) . Subsequently, when all metabolic reactions get activated, the sprouts radicle elongation phase (REP) starts, followed by a rapid increment till the end of cultivation period.
In this study, soybean sprouts were grown under various temperatures ranged from 10°C to 30°C. The sprouts growth and respiration rate were observed in all temperatures tested. Figure 1 indicates changes in the radicle length of soybean sprouts during cultivation under various temperatures. Our observation indicated that soybean sprouts have grown faster at relatively higher temperatures. Temperature conditions strongly affect the cultivation period of soybean sprouts for growing the hypocotyls. Soybean sprouts grown at 10°C required approximately 96 h for GPP and REP took more than 340 h to be 10 cm in length. In the case of the growing at 15°C, the duration of GPP and REP was shorter than that at 10°C but was relatively longer than higher temperatures. On the other hand, at higher temperature conditions such as 20°C, 25°C and 30°C, the transition from GPP and REP could not be differentiated clearly because GPP on these conditions might be occurred within less than 24 h after 0 h of cultivation, while the sampling time was conducted periodically every 24 h. However, the duration of REPs differed at different temperatures and was decreasing as the temperature rose.
To strengthen our data we assessed the metabolic activity of soybean sprouts by measuring the CO2 production rates in different growth temperatures. Figure 2 shows the changes of CO2 production during soybean sprouts cultivation under various test temperatures. Results indicate that CO2 production rate was increasing as temperature rose. Moreover, at the higher temperature conditions such as 20°C , 25°C and 30°C, CO2 production rapidly increased until approximately at 28 h, 23 h and 17 h, respectively. Especially at 20°C, CO2 production rate continuously relative stable until the end of cultivation period, while at 25°C and 30°C were slightly increased until 50 h of cultivation period and subsequently decreased. On the contrary, at lower temperature conditions, the CO2 production rates were notably low all through the cultivation period. Our data is referring to Botha et al. (1992) that for starting seed germination process, an increasing of metabolic activity occurred which can indicated by high O2 uptake and CO2 release in respiration. From our observations, it can be suggested that at the higher temperature conditions, the rapid increment of CO2 production occurred at early period of cultivation (until approximately 28 h, 23 h and 17 h for 20°C, 25°C and 30°C respectively) indicating the initial metabolic activity for preparing the cultivation process at GPP and was varied at different temperature conditions. Higher temperature condition indicated shorter GPP and REP period that shortened the total cultivation period. These results confirm that growing temperature strongly affects the metabolic activity that directs the period of cultivation until expected length of soybean sprout hypocotyls.
Changes in RFOs during cultivation of soybean sprouts
Since we emphasized to retain high RFOs content, in the next experiments we have measured the changes of major RFOs in soybean seeds during cultivation. Figure 3 indicates the changes of two major RFOs, such as raffinose and stachyose under different cultivation temperatures. Results show that the initial amount of raffinose and stachyose were approximately 5 mg g 1 DW and 19 mg g 1 DW, respectively, when the cultivation was started. The levels of these RFOs in cotyledon decreased slowly with the decrease of temperature conditions. Our data also show that the tendency of raffinose and stachyose degradation is almost similar at same temperatures. It is mentionable that the RFOs degraded rapidly at higher temperatures than the lower.
RFOs were hypothesized as a material for energy source in early stage of seed cultivation process (Reinhold et al., 1981; Peterbauer and Richter, 2001; Gangl and Tanhaken, 2016) . In addition, Kadlec (2008) mentioned that during cultivation, the seed are transformed from the dormant state to the metabolically active state where RFOs are utilized. On the other hand, Dierking and Bilyeu (2009) compared the growth rate of two different cultivars of soybean sprouts with low and normal RFOs content in seed, and found there was no significant difference in necessary cultivation period to get expected length of sprouts between them. From this observation, they concluded that RFOs are not an essential source of energy for soybean seed germination. Based on these contradictive observations, the exact function of RFOs during cultivation of soybean sprout is not yet clear. Figure 4 demonstrated the degradation rate of RFOs during soybean sprouts cultivation under various temperatures. Each plot in Fig. 4 was calculated from the data of Fig. 3 ; the first plot in Fig. 4 was obtained from the subtraction of RFOs content at the first sampling time to the next sampling time then divided by the interval of that two sampling time. Subsequently, the second plot was obtained from the subtraction of RFOs content at the second sampling time to the next sampling time then divided by the interval of that two sampling time. Consequently, similar procedure was conducted for all plots. Data show that RFOs degradation rate generally reached to the maximum value at GPP, then decreased gradually until the end of cultivation. The time for maximum degradation rate of RFOs corresponded to the end of GPP for each temperature; 18 h, 24 h, 24 h, 36 h and 96 h for 30°C, 25°C, 20°C, 15°C and 10°C, respectively. This result suggested that the requirement of RFOs degradation in GPP to provide glucose as a substrate for respiration and that in REP was different.
Environ. Control Biol. During GPP, RFOs degraded in the highest rates due to the energy requirement for starting germination. According to Blöchl et al. (2007) , the inhibition of RFOs degradation during GPP by DGJ delayed the radicle emergence to form initial germs. It can be concluded that RFOs degradation is essential during GPP. During REP, although RFOs degradation still continues but in slow rate. However, till date there is no information about the exact purpose of RFOs degradation in this phase. It is necessary to conduct the experiment to clarify the purpose of RFOs degradation. In the present study, therefore, DGJ, an -galactosidase inhibitor, was applied to block the degradation of RFOs after GPP stage when the radicles of sprouts reached to 0.5 1 cm in length. Figure 5 indicates the comparison of RFOs content in soybean sprouts cultivated at 30°C for 3 d with and without DGJ treatment. The inhibition of -galactosidase activity during REP stopped the RFOs degradation, but the elongation of radicles still continued, moreover, soybean sprouts with DGJ treatment could become 10 cm in length. These results suggest that the glucose used in REP was provided by another source instead the product of RFOs degradation. This finding can complement existing information about the role of RFOs during soybean sprouts cultivation. RFOs are indeed important for breaking down seed dormancy during GPP at the germination stage for starting the cultivation process. Nevertheless, RFOs probably are not an essential compound for glucose source during REP at the growing stage of soybean sprouts cultivation process. The degradation of RFOs during REP just occurs due to the activity ofgalactosidase. Therefore, the exact role of RFOs degradation during REP needs to be clarified further. Figure 6 indicates the amount of RFOs remained in harvested soybean sprouts. The highest amount of RFOs was found in the sprouts those were grown at 20°C. The differences of remained RFOs depend on its degradation process during cultivation. Probably, the differences ofgalactosidase activity during REP between test temperature conditions affect the degradation of RFOs. Figure 7 shows that the total amount of respiratory CO2 production at various temperatures during REP considered as an indicator of total metabolic reactions including -galactosidase activity. The total of respiratory CO2 obtained from the trapezoidal integration of the CO2 production rate for all sampling time points from the beginning of REP to harvest by using the data of Fig. 2 . Although, there was no significant difference of total CO2 production observed among the temperature conditions ranging from 10 to 25°C, the average value indicated the lowest of total CO2 production was found in the case of 20°C whereas the highest was at 30°C. In spite of the lower respiration rate at 10°C and 15°C, due to the longer cultivation period, total CO2 production was higher than that of 20°C. Our observations proved that the lower of total -galactosidase activity on catalyzing the degradation of RFOs could maintain higher RFOs content remained in harvested soybean sprouts. Therefore, the lessgalactosidase activity in the metabolic process at REP might be the reason of the high RFOs content in the sprouts grown at 20°C. Finally, we revealed that the high amount of RFOs could be maintained by growing the soybean sprouts at 20°C that could potentially enhance the beneficial value of soybean sprouts regarding isoflavones. (Huang et al., 2014; Quinhone Júnior and Ida, 2015) , 6 -O-malonylgenistin and 6 -Omalonyldaidzin were found as major isoflavones. The levels of isoflavone in hypocotyls and cotyledons varied at various cultivating temperatures. The accumulation of 6 -O-malonylgenistin is predominant in cotyledon while 6 -Omalonyldaidzin is in hypocotyl for all temperature tested. Another important observation is isoflavones glycosides. During cultivation, glycitin showed the decrease trend in cotyledon, on the contrary, it increased in hypocotyl. Daidzin was accumulated in higher amount at 10°C both in cotyledon and hypocotyl. On the other hand, genistin reached its higher amount at 10°C in cotyledon and at 30°C in hypocotyl. Data show that the highest total isoflavones was observed at 10°C though it was not significantly different with the total isoflavones contents at other temperatures. It could be thought that the cold stress at 10°C condition might influence the accumulation of isoflavones. According to Morrison et al. (2010) , cold stress during soybean seed cultivation has correlated with higher accumulation of total isoflavones. However, the cultivation at 10°C is not suitable in practical use due to a long period of cultivation. Therefore, from our results, we can conclude that 20°C is the optimum cultivation temperature to produce soybean sprouts with high amount of isoflavone and RFOs.
CONCLUSION
The metabolic activities during soybean sprout cultivation were affected by different temperature conditions. As a result, the amounts of different metabolites such as isoflavones and RFOs in the harvested soybean were also influenced. Previously we mentioned that RFOs help the probiotic activity to enhance the utility of soybean isoflavones in the human body. Considering the beneficial role of RFOs, sprout growers might be suggested to harvest soybean sprouts just after GPP when the RFOs are not started to degrade yet and the hypocotyl is about 1 cm in length. Another suggestion is to use inhibitor like DGJ at REP to inhibit the RFOs degradation but the production cost would undoubtly be increased. Therefore, from our observations, cultivation temperature around 20°C could be the ideal for growing the soybean sprout to its expected length (10 cm) containing high amount of nutritional elements such as isoflavones and RFOs at the same time.
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